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Remarks 



The examiner is thanked for the comprehensive office action. 
The examiner's objections concerning formalities have been cured 
by a proposed drawing amendment and amendments to the 
description. The attached submission of drawings shows formal 
drawings with the reference characters originally submitted in 
the application as filed in red. With this drawing amendment xt 
will become apparent that the drive gear is indicated as (3) and 
the nut that sandwiches the gear is {3a) . The reference 
character (11a) has been entered to designate the integral 
sleeve. In addition, the annular groove (19) has been entered on 

Figure 6 . 

With these, proposed amendments to the drawings it is 
believed that the formalities requirements are satisfied. In 
addition, several changes to the description have been entered on 
pages 4 and 5 . On page 5 passage 16a refers to the corresponding 
passage now identified on figure 1 in red. 

The claim objections have been satisfied by complying with 
the requirements of the examiner. Claim 1 has been amended to 
emphasize the fact that the two bearings are mechanically 
connected so that they are constrained to rotate in unison. Thxs 
is vitally important for bearing arrangements where power xs 
taken from one end of the turbine shaft. The radial loads become 
substantial and it is imperative that the bearing most adjacent 
the gear continues to rotate. Without the interconnection to the 
bearing at the other end the bearing will stop and cease to be 
able to carry significant loads. 
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. «t the reference to Thoren used to reject Claims 
in contrast, the rei interconnected so that 

■- have bearings mechanically intercom 
,_10 does not have bear g ^ ^^^^^^^^ ^^^^^ ^^^^^^ 

,,ey rotate xn un. on Thor ^^^^^^^^ ^^^^^^ ^^^^^^^^ 

asseitibly that merely abuts to separa ^ 
assembly reference to Thoren shows a standard 

in this sense the reference elements are free 

..r.ochar.er hearing \ rconstruction o. 

,o rotate independent ^ .on^ination, the 

„ was -^'^^^Z^^o^^^. - - - 

bearing closest to tne an y believed to be 

vni-ate Furthermore, it is noi- 
down and cease to rotate. elements of Claim 1 because 

^^-;-F^r Thoren to meet tne ej-t^meii 
obvious to modify Thoren .urbocharger assembly of a 

• = r-onrerned with a standard turJDOcnary 
,horen - -J^;; ,,ere are not the severe 

^""^rr orces provided h. a power turhine asse^ly. 
reaction ore P ^^^^ ^^^^^ ^ ^,^,„3 

accordingly t - ^^^^^^^ ^^^^ 

aepend ^l^^^^';^ J„„ ..^^^a he withdrawn, 

to Thoren and this reje«-u 

i=n rpnected under 35USC102 as 
-, ■ 1 1-Vi-rmiah 10 were also re^ecceu u 
Claims 1 through ^^^^^^ be 

^ • ^^r.^i-e-d bv Mclnereney, Aguiiar, ui. 
being anticipated by .,,^nces while having a single 

4- all of these references, wnx 

pointed out that all o ^^.^^^ rotating as 

piece bearing assembly, ^''^ „ these 

^Piltr^::- .echllsm restraining the 
references there i a pin ^^^^^^ ^ 

bearings from rotation^ This - J' ....tion 
- oil to — ntaine ^ ^^^^^ ^^^^ ,3,..tion under 

,„rce. ^^';;;^,,,„ts is mappropnate and should be 

35USC102 based on tnese ycx 



withdrawn. 
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Tha dependent claims 2 through 10 are patentably distinct 
over the references cited by the examiner for the sa.e reasons as 

7 d in connection with Claim 1. In addition, they prov.de 

discussed m connecciuu w , v^v-ir^r- ^^rt 

further limitations which depart even further from the prror art 

of record. 

• ^no rPferences have been reviewed and found not to 
The remaining rererencfcit> nc^v^ 

show or teach applicant's inventive concepts. 



allowance 



4-^ t-vi-io r-a^p reconsideration and 
In view of the amendments to this case, 

is respectfully requested. 
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ATTACHMENT TO AiyiENDMENT 
Serial No 09/977,804 



In *-Vift Description: 



Replace pages 4 and 5 with the following: 

Pigure 2 is a perspective view of a one-part bearing incorporated 

in the turbocharger of Figure 1; ^ . viaure 

Figure 3 is an axial section through the bearxng of Frgure 

Figure 4 is a section on the line 4-4 of Figure 3; 
Figure 5 is section on the line 5-5 of Figure 3; and 

Figure 6 is a section showing one possible 
modification of the bearing of Figure 2. 

. ^ . ±.-ho Preferred Embo diment s 

Detailed Descriptio n of the preieirircu 

Kef erring to Figure 1, *e illustrated 
comprises a .ha« 1 which supports at one end a tur.xne 2 and 
supports at the other end a drive gear 3 . The shaft 1 rs 

SUPP rtea in a one piece tubular bearing 4 which is supported 
supported ^^^^^^^ ^ g ^^^^^ 

within a housing 5 . The housing 

defines a volute 7 through which exhaust gases delivered fro™ an 
internal co^ustlon engine pass to apply tor^e to the turhine 2^ 
A heat shield 8 protects the hearing assen*ly from the hot gases 

which drive the turbine 2. „ . hv the 

one end of the bearing 4 abuts a shoulder 9 defined by the 
shaft whereas the other end of the bearing 4 abuts a flange 10 
which forms part of a thrust bearing which maintains the axial 
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position of both the bearing 4 and the shaft 1. Flange 10 .s 
part of an integral sleeve [111 11a telescoped over an integral 
extension la of shaft 1. A seoond flange 10a is also telescoped 
over extension la, as is the gear 3. A nut 3a sandwiches gear 
and flanges 10, 10a to capture, with appropriate axial clearance, 
a thrust bearing plate 4a which limits axial excursions of the 
shaft 1 and turbine 2. The thrust bearing plate is supplied with 
pressurized oil from main oil drilling 5a which receives suitable 
pressurized oil through an inlet 5b. Internal passage 4b allows 
pressurized oil from oil drilling 5a to provide a film between 
thrust bearing plate 4a and adjacent flanges 10 and 10a. The 
structure of the bearing 4 is shown in greater detail in Figures 



2 to 5 . 



Referring to Figures 2 to 5 , the bearing 4 defines a first 
bearing having an inner bearing surface 11 and an outer bearing 
surface 12 and a second bearing having an inner bearing surface 

•^rr c=„^face 14 There is a clearance between 
13 and an outer bearing surface i4 . 

the outer bearing surfaces 12, 14 and the housing 5. The 
surfaces 11, 12, 13 and 14 are defined at the ends of a tubular 
body having a central section 15 the inner and outer diameters of 
which are more and less than the diameters of the inner bearing 
surfaces 11, » and the outer bearing surfaces 12 U, 
respectively. Passageway 16a Iconnectl connects oil drilling 

ic ,,in-ir>h Pxtend between the inner and outer 
with oil passageways 16 which extena oeu 

^ Pressurized oil from oil drilling 5a provides 

bearing surfaces. Pressurizea 

• ^ ^^^far-.ac! 12 14 and the housing b 
a film of oil between bearing surfaces iz , 

^. v-r^r, c^iirfaces 11 13 and shaft 1. Oil drainage 
and between bearing surtaces ii, 

•^oH the central section 15 to ensure 

apertures 17 are provided m the cencrd ^ 

that oil can drain freely from the inner bearing surfaces. Axial 
ends 18 of the tubular bearing structure have the same outer 
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diameters as the outer bearing surfaces 12, 14 and greater 
internal diameters than the inner bearing surfaces 11, 13. 

Given that the bearing 4 is formed in one piece, the 
bearings defined at opposite ends thereof must rotate at the same 
speed. Thus the rotational speed of the bearing surfaces 
supporting the end of the shaft adjacent the gear 3 must be the 
same as the rotational speed of the bearing surfaces supporting 
the end of the shaft adjacent the turbine 2. Thus high loads at 
the end of the shaft adjacent the gear 3 are prevented from 
slowing down and thereby reducing the load carrying capacity of 
the adjacent bearing surfaces. 

in the illustrated example the bearing 4 is made from a 
single component. The central section 15 of this single 
component has an internal diameter greater than that of the 
turbocharger shaft and an external diameter less than that of the 
adjacent housing so as to avoid hydrodynamic drag resisting 
rotation of the shaft. This may not, however, be necessary in 
all embodiments of the invention. Rather, the proportions of the 
central section 15 of the bearing may be varied in order to give 
the correct hydrodroynamic force balance on the bearing. For 
example, it may not be necessary to provide a recess along the 
inner diameter in order to maximize the bearing speed. Thus, in 
alternative embodiments of the invention the inner diameter of 
the central section 15 may be smaller or larger than that 
illustrated and for instance may be equal to the diameter of the 
surfaces 11 and 13. Similarly, the outer diameter of the central 
section 15 may be smaller or larger than illustrated and may for 
instance be equal to the diameter of the surfaces 12 and 14. 
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In the Claims: 



Claim 1 (amended) A power turbine comprising a drive shaft 
supporting at one end a turbine arranged in use to be driven by 
exhaust gases from an internal combustion engine and supporting 
at the other end a drive connection which in use is coupled to a 
load demand of the internal combustion engine, wherein the shaft 
is supported in a housing by a first floating bearing adjacent to 
the turbine and a second floating bearing adjacent the drive 
coupling, the first and second bearings each defining an inner 
bearing surface relative to which the shaft rotates and an outer 
bearing surface which rotates relative to the housing, and the 

first and second bearings are mechanically coupled together such 

that [they] ^aid first anc ^ second bearings are constrained__to 

rotate relative to the housing at the same speed. 

Claim 2 (amended) [Apparatus] The power turbine according to 
claim 1, wherein the first and second bearings are formed from a 
single tubular body through which the shaft extends. 

Claim 3 (amended) [Apparatus] The power turbine according to 
claim 1, wherein the first and second bearings are separate 
components interconnected by a tubular body through which the 
shaft extends. 

Claim 4 (amended) [Apparatus] The power turbine according to 
claim 1, wherein the tubular body defines radial apertures to 
provide oil drainage passage ways. 

Claim 5 (amended) [Apparatus] The power turbine according to 
claim 4, wherein said housing has passageways formed therein for 
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connecting a 
second bearings 



supply of pressurized lubricant to said first and 



Claim 6 (amended) [Apparatus] T^e power turbine according to 
claim I, wherein the first and second bearings define ax.ally- 
facing end surfaces which bear against retaining shoulders, the 
radial thickness of the end surfaces being less than or equal to 
the radial spacing between the inner and outer bearing surfaces. 

Claim 7 (amended) [Apparatus! The power turbine according to 
claim 6, wherein said drive shaft has a shoulder against wh.ch 
one of said axially-f acing end surfaces is positioned, sard 
[apparatus] E2WS^turbina further comprising means for formrng a 
thrust bearing adjacent the other of said axially-f acrng end 
surfaces, whereby the axial excursions of said shaft are 



restrained. 



Claim 8 ( 
claim 
connecting 
bearing means 



amended) [Apparatus] Thejower_™rblne according to 



7 wherein said housing has passageways formed therein for 
ting a supply of pressurized lubricant to said thrust 



Claim 9 (amended) [Apparatus] The power turbine according to clarm 
8 wherein said housing has passageways formed therern for 
connecting 'a supply of pressurized lubricant to said first and 

second bearings. 

Claim 10 (amended) [Apparatus! The power turbine according to 
claim 9, wherein said housing has a common passageway for 
connecting a supply of pressurized lubricant to said thrust 

+-0 QPiiH first and second bearings, 
bearing means and to saia rirbu 
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